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AN
CBETA: Fractional Arc Test Layout ‘ :BE I Q\’{

Injector (6 MeV)
allitien .

S1 Splitter Line T ~,
b
%,
%

Diagnostics Suite ~

FFA Fractional Arc (FA)

Modeling:
1. GPT for Injector through Main Linac (Space Charge @ E < 42 MeV)

2. BMAD/TAO afterwards (or for strictly single-particle effects everywhere)
3. CBETA-V online model(s)

42,78, 114, 150 MeV
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./ _.}
Beam to end of Fractional FFA Arc @ 42 MeV April 2018 ‘ BE I (A’L

Fractional Arc Test provided testing ground for online models

s i BECE TIPS ST, T, foae N |
e Tk 1 S
____________ N

FAT Splitter (S1) and 1st Arc Girder (FA) Layout

N
[ Soreen | 7
[HDipole] 9
[VDipole] 4
. s

FA-B Viewscreen
<= 0.39 mm, <y =0.248 mm

2

1S1BPM06

> \"} 1S1BPM04

‘\ IS1BPMO3
\lb o2
8

1S1BPM02
1S1BPMO1

I1S1SCRO1

cg248@cornell.edu- October 23, 2018 — ICAP’18



GPT Online Injector & Linac Model (E < 42 MeV) CBET[X

Save / Load 5+ st iy — 2 Create Particles
from fileor >o7%

CU Injector nC Emittance Layout
Description:IDefauIt 2014 CU injector layout but with S laser crystals,

optimizer Run GPT

Control Tabs

Position
0.1500

Diescription
Gun Yoltage

400 kY

i Current 4.1146 Amps 0.3030

Bea m I I n e_‘ Yoltage 89,9632 kY 0,7140 —
. Relative Phase -390 Deg 0.7140
Settl ngS Beam Carnrna 13410 0,7140

On-crast Phase 194.5365 Deag 0.7140
7 |Solencid 2 Current 2.5463 Amps 1.1280

Plotting +
> Analysis

Load from
EPICS
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BMAD/TAO Overview CBET Q//v{

e Fortran 2008, O2, Interface to C++

* Bmad can be run multi-threaded (w/few -
restrictions). Bma

» Lattice files use a MAD like syntax.
* Well documented (Manual is ~500 pages).

David Sagan

http://www.lepp.cornell.edu/~dcs/bmad/

Executable: Tao - a general purpose

simulation & design program with CBETA Layout in TAO
e Twiss and orbit calculations. RN

.........................................

* Nonlinear optimization.

e Analysis of complicated geometries. J e 1

e Btc. 1 o O N )

:; fﬁw R m\*% ;

« Tao’s object oriented coding makes it easy | \ 1

to extend: o k j s

>> Add custom commands to interface Tao | ‘ | I
with a control system. ﬂa IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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CBETA-V Online Model CBETQ//V.{

* |ncorporates all TAO capabilities: perfect for those familiar with TAO

* (Minimal) Custom code auto generates relevant variables/objectives for optimization
* Handles TAO <-> EPICS book keeping

* EPICS get/put via linking to EPICS EZCA

 Communication with EPICS -> get Save/Restore for free

CBETA-V

Bmad Lattice File
with EPICS names

> Tao

Custom CBETA-V Code

|EPICS Channel
EPICS EZCA ) '| Access Server

e All conversion data stored in EPICS records:

ELEMENT_POWER_SUPPLY_[CMD, RDBK] [Amps, Volts, etc]
ELEMENT_FIELD_SCALE [Tesla/Amp, etc]
ELEMENT_FIELD [Tesla, etc]

Lattice
Element
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@ CBETA-Virtual Machine CBETQ//\/‘{

* Python wrapper around CBETA-V

* Creates a clone of the CBETA EPICS control/diagnostic PVs

* Sync mode: monitor CBETA settings, serve up-to-date simulation data
* Good for operators or those less familiar with TAO

CBETA Virtual Machine

BMAD Lattice File
with EPICS names CBETA-V
Virtual Magnet Physics Virtual BPM
Settings VM PVs PVs Readings

| |
 Serves additional lattice data to EPICS:

ELEMENT_s [m]
ELEMENT_L [m]

EPICS Channel Access

Lattice
Element

* (Can send any TAO command via EPICS, results served as a string
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@CBETA-VirtuaI Machine: Real Time Comparison to Data

CBE

CBETA Virtual Machine CBETA MACH | N E
BMAD Lattice File =3
with EPICS names CBETA-V -
-,
1 !
Virtual Power VM PVs Physics Virtual
Supplies PVs - - Power - -
PP Diagnostics | Diagnostics
? Supplies
~— EPICS Channel Access
O Magnets | A1,A2,A3 IEHFIZZ.II’T _MAzM - mmsﬂm\ﬂ/
oz . AR v r —_— « [l <> MAICHAO
: m—— f MA1CVA 01 10 " ;! il —— s [T % MA1CVA 01
. § varslam < BPM Data o i
m X = —  CBETAV %. § Maislao
e s [l <+ M A1 CHB 01 * Beam Loss ‘ L ==y
1 009 052 1 5t . - MA1CHB 01
, B § maiceon i .| ‘. 4 macwsor
7 2.000 f2.000) 7
‘ W § Maislae g e R ST «l § MAsLaoe
. = — 50 11.000
s - e [ !MMCHBM = [ ]
1 s i % E 0 S ’%. <= MAI1CHB 02
: i ] M A1 CVB 0z - i SRR B § Maicvee
— L MAZCHCOT — '. <> MAZCHC 01
W 4 mazcvco ol - e [l § M Az CVC 01
m— = [l Mascuaor Y, ety I [ M A3 QUA 01
1 0.045 1
[ <> MA3CHDO1 C — « B <> MASCHD 01
1 0.020 o.oz0] " W
: O 4 Mascwoor — e ] § M A3 CVD 01
B = i [ II]. . M A3 QUA 02 -10 * * * * * * 10 1200 ‘ i 200} 10
—— [B < A CHO0: 0 5 10 15 20 25 30 35 s O PO WA a2
1 om: OB = | s position {m) : B <> MASCHD 02
0 2100 i I2.100] m. MAS CVD o . . . . : e - . # MA3 CVD 0z
B B o Serve: orbit, dispersion, Twiss, energy... = _=m_ g K usome
[l <> MA3CHDOZ
: - L (] % M A3 CVD 02
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Orbit Response (42 MeV) CBET Q}(‘

MS1DIP02
10 .

Nice way to verify online model/magnet calibrations 5l

Response (mm/A)
o

Splitter (S1) and 1st Arc Girder (FA) Layout

IFABPM04

IFABPMC3

= 2 ' '
20 25 30 35
- 7 : s position (m)
MS1CRVO01
[HDipole] 9
5 5
VDipole] 4 ;/4\,
0

Response (mm/A)

= & < -20 |

25 . .
20 25 30 35

s position (m)
MS1DPB01

10

ID1BPCO1

Response (mm/A)
o

20 25 30 35
s position (m)
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Dispersion & R56, and Tunes Per Cell vs. Energy

CBET

Verifying import optics function as a function of Energy...

Splitter (S1) and 1st Arc Girder (FA) Layout - 05| T
IFABPMO3 0.45 =&\ } Yy
m T IFABPMO2 = — — —theory
04 \
[Soreen | 7 =4
HDipole] ¢ RS S
> I N \\
X = = ar S
4 03F T E\I\I
S T=
025 Rl - RN
02t =
. f~f\i§~
0.15 f
40 45 50 55 60
Energy (MeV)

A g

1S1BPM02

IS1BPMO1

ID1BPCO1
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o
Testing (Virtual) Orbit Correction CBET{K

Realistically test measurement/optimization scripts:

o) CBETA-VM serves response matrix/derivatives to EPICS 10
o) Can add realistic errors/offsets to simulation online 2 5
o) Test SVD orbit correction § 0

< 5

1
10 15 20 25 30
jiesi - - s(m)

Current Correction (N=8)
T

Steering onto periodic orbit at different energies (also SVD)

|nJect mto FFA at 10 \ . Ulncorrected . . - ICurrentCorrclection (N=10).
energies 39 - 59 MeV, '
Initial orbit not periodic

Ax (mm)
o & A M o v o~ O
—— ——

Ax (mm)

Periodic Orbit <-> BPMs
read same value

30 31 32 33
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Conclusion CBETX

o Developed Online Model(s) : CBETA-V
 Based on BMAD/TAO
e Links to EPICS (EZCA)

o CBETA Virtual Machine
e Combines CBETA-V + CBETA EPICS records
e Controlled in the same way as CBETA machine
* Real time / online data comparison (real time orbit bump)
 Easy comparison data analyzed offline (orbit response, dispersion, R56, tunes)
* Testing/Debugging real measurement procedures (orbit correction)

o Future Work
* Just added 1-pass CBETA Lattice
* Test realistic orbit correction schemes before next commissioning period
* Generalize VM for other simulation tools & machines (TAO, GPT, ... / CESR, BBL)
* Planned for continued use in CBETA project
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